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ftfcl«OTMRl*6«*a^ =g-TMRS&, 2 o i«SS2o<D 

w«TMR*^i:tfr«v-^«»©wc««sn*x>f v*n*£**M. 

[»#^3] ||fffB2o©^&M©e>l3©10©*t?:y©[»l 

nzmnt-tz ft 3 fi*i©awc9 > r * * * * ^ y . 

^ffc<DTMRJS©jigtcSBS£*u #TMRjg©fuiB2 o©«tt»©^ t>© 1 o© 
[»#«6] tWa#l**«»»^ If* MIT* y, fWBTMR*^tt 

[»*«7] 2 tffssTMR^©ja^iciBe$ti. 

mttUMItt. tafBTMR^©ttTlc@BS$ 3 4: 7 SB 
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[|^(1 1] #TMR«tt,.t&IB2o©«ffi»©^.t:>©l^^««HC*e 

[ff^l 4] BtffE«iSC©TMRM©TX-xD--r Fffi^S^Mfc b 
■' «>sr£K:<J:».K *TMR»K:MSiJJC'5 £ -*S:*^tfr4:«:4tai:'rsaf#« 

[Mi5] _is^«»©tmr«jc^i-*^-*«£&#i*. ^tr>© 

[^^&^^S^^©^^#^S^^^V^TMR^^^e>« : fe»/^$V^TMR*^■^C|BI 
lCfafroT«ifc#fcfc*U tff|Bl|2*^|g|&^iCli. -#ftX»ffi#ftlC|HjfroT 

mmmft&z£*mm£.tzm&mimm<D&^y#&T9 j £** z £Vo 
im&mi 7] ttffa«isc©TMRMW©i«iai!ie^M^s§:s:v>icM*:e) 
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MR3fc^JCfgift3#i£jgl X-T ttffB^l«^lgi&^«)-i:®lC^ML/ 

Ifrffc&JMiltU ISflB^ 1 &tm2 TMRi^lt '>^<t%loOTMRl* 
£>#f&£*k taIB^&< 1 otf>TMRjf«> 2o®lfilt, f>ffB2o<Z)*& 

2 2 ] B&ffim i msfc«i&»«, are* *j , mtm 2 mssMB 
2TMR^<Da:_h{cie*$n. taBa^2^t^ii3m^igi&^ii, mz. mm^ 

[iM2 3] grfSHUi TMR^ic^f-r^^-^^^ji*^ Buiami 
s.t?H2«^si&^ic^tis«^ic<ky^-rs^#^c j: yfjfctu fifffi«2 t 
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momM,^ y # at 9 -fe 7 * * u . 

[* ** 2 5 ] ma* 2 * 3 tatwwwktficWBv-^iiJt m& 

[tf**2 6] J|$i«ttKtMS^ ma*i*WBINiK:«ll«*l*' 

*?fcft*«u ma*utrjp*2TMR«?tt, ^<h*io©tmri# 
2 7 ] ma* i TMRim ma* i mmmmmvTmK&m 

U WB#2TMR*m ma*i«WWWI©±liK:»«-^*»« fc 

• w**2 8] ma* i nievhmi. tmmivy v 

n±o*2Xv hmn^hmm^ mmmi tmr^h ma*i Mi 
caaau ma*2TMR**au ma* 2^ h»ic««?*r 

[g ^ 2 9] ma*iTMR»«, ma*i^yM»©Tifxtt±iB 

tC&ttU flBf2TMR^It ma*2lfy Mi©TlSXtt±liK:»«^-* 

[ S i53o] ma*i Ttt&to'iyzv mihu 2v^*«»ic*«a*i* 
ma*i TMR* : f-©fi«KiK*an6*2**w»iii:» «I!»2tmr«? 

9 h*a©i§uctsBg$*u ma*2TMR*^», ma*s*««MMifcma*2 
if V MicDiBiicB«an, ma*2fttjf*s«wBiWitt, ma*i&tf*2* 
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[f^3 3] fufBS&l TMRiKft5f-^fSa*li, ffffBfH 1 
[»#3C 3 4 ] tiffift 2 &tff§ 3 ? *> tf> 1 ■ O tt, 1 tf 

^amm £&m-r s r t tc j: vfio^t. zmnzir zm*m 2 e mom? > 

[fM3 6] |fffEmiX«H2TMR^JC*fLT»^ji^-T I -^5:± 
lilBf iX»f2TMRi?©r-^H f&fB^&^-^fc&ll 

lX»^2TMR^lC*fbT, f&SHmXttig 2 TMR*^©-?-- 

[fM3 8] ^«l|H*0^^>^AT^-fe^^ ; EU^CJ3V^T. & 
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[0 0 0 1] 

#2£f$!&> V y*n/WM%fflfii (Tunneling Magneto Resistive)^j^lC i. U 

^>#*AT ^tX^'E'J (MRAM: Magnetic Random Access Memory) CW^-So 
[0 0 0 2] 
[^©iitfg] 

©^j*,©— =>IC, R oy Scheuerlein et.al. {C J: o Tll^^tl^ b>*;i/M^ig 
#i (Tunneling Magneto Resistive: TMRt^fa^^o ) ^SrftJJBbfc* 

^Ut^&S (MXML. ISSCC2000 Technical Digest p. 128 Ta 10ns Read and Wr 
ite Non-Volatile Memory Array Using a Magnetic Tunnel Junction and FET S 
witch in each Cellj 0 
[0 0 0 3] 

^^>^T^-feX^^y»> TMRSWCJ;U "1" , "0" -fif#£SB 

4g-r&. TMRifit ®3 Aiz^-t^oiz, 2o©itti c&m&m) k&v 

[0 0 0 4] 

It5:fi*tS (^ep©ft£#Xt?>©lHm£^bTV^o ) o 
[0 0 0 5] 
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[0 0 0 6] 
[0 0 0 7] 

mzmm-rz* . 

[0 0 0 8] s 

Ri«*fc*u vimmzffin&mmz£vftt>ftz>mftzm^T, tmri?® 

[0 0 0 9] 

#^&#b£> -r-^ag^icw:. — ■%mzfafr?mm<Dfr%:%LL. m 
mz&&y-Fmz—%mzfa-frt>mffi*ffi-?iig. TMRi^if 

><Dft£tt, ( "l" £&3o K»K:te2ffaK: 

. 

[0 0 10] 

03 7©TMRiI(3f«keiiC, TMRl^OM (Easy-Axis) ^frlZM 
[0011] 
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g©T M R =fo # S> tl X ^ £ . 
[0 0 12] 

TMR^lCtt, Easy-Axis#ft©^#Hx ^Hard-Axis^ftcD^lllHy £©£• 
J&MWfrfr*. 03 TOmffiM&M^B-t J:olC Hard-Ax is#|6j©^#H 
y ©*^ SICioT, TM R*^©igi5vfit&^X.£ fefelC^H^Easy-Axis^|6j 

iKstis^Uiz/i/©^, jg&stifcfcsa*?- K*2fct«BiR3*lfc'5 s -* 

[001 3 ] 

TMR^TMR 1 07^fO>f FffiUli, 03 80^tt^t<J:ei 

iC&So BPt>> Easy-Axis^|fa©ai|lHxi:Hard-Axis^{^©^#Hy i:©^-^ 
|f©^$^7^fn>fW (^») ©*HJW !!#.©&«) lc&*Ui 

[0 0 14] 

Easy-Axis^ |bKD^#H x £Hard-Axis#ft£>^#H y £©-a-f&^#©;*; 

t$mfn>fFffii (§£$0 ©t*N»I (09*. tf, E3;*i©&S) icfes^ictt 

[0 0 15] 

fi£ o T > Easy-Axis^ JpJ©^# H x © * £ $ £ Hard-Axis^ [pj©^|?. HyO^t 
[0 0 16] 

Milt a^StlfcTMR3R^K:««S:agU ffflTMRi?0ffi 

[001 7] 
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[0 0 18] 

flsSrH^-TSfctolC, ^©^^Um ^©^t^fciCJ: U ^^U-fe;i/®^5: 
[0 0 19] 

[0 0 2 0] 

o*y, TMRim 2o©m 2o©iti©^t>©i"it« { f 
-5 s - # siafli-rs - £ u vn„ 

[0 0 2 1] 
[0 0 2 2] 

(1) ^©i^^^T^t^^^'JH ^-^SrlBtt-rSTMR^i: 
[0 0 2 3] 
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[0 0 2 4] 
[0 0 2 5] 

BSStl. ^TMRM©BaSB2o(D^«©e»*»©l^©^^>®^^^®^^ 
[0 0 2 6] 

ttssittttKJMSft. ifyM»-e*y, «i«iTMR»?tt, KnatryMRKi 

[0 0 2 7] 
[0 0 2 8] 

[0 0 2 9] 

SBTMR^©lft_hlcSg*$tlSo 
[0 0 3 0] 

[0 0 3 1] 
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- [0 0 3 2] 

[0 0 3 3] 
[0 0 3 4] 

^tf>(Z)t&I^5:^^2>fefe©^#^S : b^:^v^TMRM*^ft : fe 

[0 0 3 5] 
[0 0 3 6] 

MRW^H-^-^^IBftSnrv^Sft^JCfe^SI&IBttROTMRW©^^ 
[0 0 3 7] 

[0 0 3 8] 
[0 0 3 9] 

2 3 «$£iggfril§{£, ttfSHII l m^|g»J^«>T®ic^fi!6l/Ti2g$ tiSSH 1 
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[0 0 4 0] 
[0 0 4 1] 

BfrsemiTMR^ic^-r-55 :: -^#^^^ tjf3a^i&tf»2««6»i&» 
\z& yfrfciis. 

[0 0 4 2] 
[0 0 4 3] 

Mian 2 fttWII 3 ttftMMftft V - &K»Jf KBJttS ti 

[0 0 4 4] 

(3) Moi^^^y^tx^fJit igim^igifrifei^ tstH^im 
ttwracttflrr&ff i &tffii2 tmri^l mm i *tf*2 tmr**c 

<fc*lo©TMR**&IWa*l, |{fffi>ii>fc<i:fclo<Z>TMRStt, 2o© 
^<f£M£> |&fiB2o©«ttJS©lfflK:**nfc*ftl»St«:*^v>a. 
[0 0 4 5] 

t&iamiTMR^HF-tt, mm&imffimmm<DTnizmML. mv&% 2 tmr 
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; [0 0 4 6] 

tramimMumi** nix? .twami *v v*±&*mv tm 
fc*6«*a*i, m*iTMR**au tmmi * v bWi^ i*fsm2 

TMRl^tt, flTIB«2^y MRtcstt-r*. 

[0 0 4 7] 

KfiamiTMR^tt. i&SBmi t^)> hS&©TIiXttJtffilc^«U tram 2 

[0 0 4 8] 

trami&tMf^lfy MRWu SV*K:«*»K:*i»3nTV*TfcJ:^U S'J* 
[0 0 4 9] 

[0 0 5 0] 

trass i TMRifn tram2««MM»fctram i tf^ mi©hick«s 

S*U t&«» 2 fttf*S ffr««l&tJP*2lfyM»K:*[^bTV> 

So 

[0 0 5 1] 

tsfa^iTMR^tc^-rs^-^a^^^^ tramit^ h»fctram2 
m^m^Ki^tism^K:* yaw-*****: j: y frfctu tram 2 tmr^ 
tcarr*^- tram2tfy hi»fctram3*sfe«Bi&»ic8fcn*m 

[0 0 5 2] 

tram 2 m 3 msnsgsm© e> *> © i ^ tasam i t m t tram 2 \z 

[0 0 5 3] 

tram 1 m 2 TMRm+iztt-tz?- ^i^ifittt, tram 1 n^igifrifei 
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[0 0 5 4] 

[0 0 5 5] 
[0 0 5 6] 

[0 0 5 7] 

l&SE«ffct^y b(ZX^j2 t ^^~^5:-^^iciai«bT^< Iff 
[0 0 5 8] 

[0 0 5 9] 
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,[0 0 6 0] 
[TMRi-f] 

[0 0 6 1] 

lot, TMRfSWCii, 2^8 (lbfyh) ^-^©^^fBm-t^rt^t^ 

t?2o©^ttM©M^-fr&. "TMRl" i:^^ri:JCi-So 
[0 0 6 2] 

l-QOD^^U-fe^ (X&TMRSt-?-) iCtt, (llfyh) ■5 i -^b^fB 

[0 0 6 3] 

itUCifcfU #$gt£T?«, TMRlf$:»TMRi^f^b, rtl^ 
" ^©TMRM©^fc©^?:0JW-rsri:iCi:U, 1 o©*^ U "fe/l/ (XteTM 

[0 0 6 4] 
[0 0 6 5] 

k.&mm<Dmi^ hs4©tmrjr^ (tmrd ifimmstiT^zz.m%.&z 

[0 0 6 6] 
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<d&±. *i£yAmm«>**wr**4 K Cr °2- RXMn °3-y (R 

. #±m% X: C a, Ba, Sr) fc£<D*ffc*©«U NiMnSb, PtM 
[0 0 6 7] 

Ztc. ^HKffiMJCtt, Ag, Cu, Au, Al, Mg, Si, Bi, Ta, B 
C, O, N, Pd, Pt, Zr, Ir, W, Mo, Nb^foM^i^ 

[0 0 6 8] 

Ctt, *ttttM<Z>*3B* 0. InmfiLK. *F£b<tiU 0. 4 nm«_t 1 0 0 
[0 0 6 9] 

%^wm ante*) ©e>t>©i^&> (^^^^ * H 

[0 0 7 0] 

[0 0 7 1] 

Mmi4Mi:bTli> ^11 Fe-Mn, Pt-Mn, Pt-Cr-Mn, N 
i-Mn, Ir-Mn, NiO, F e 2 O 3 *£ffcJBV*«r fc#T?«. 
[0 0 7 2] 

45HiH)l («JM) i*. Co (Co-Fe)/Ru/Co (Co- 

1 6 ffiSE# 2001-3097127 



^2001-037140 

Fe.) , Co (Co-Fe)/Ir/Co (Co-Fe) 
[0 0 7 3] 

[0 0 7 4] 

01]fctfH2©V^ft©TMR»K:;i3VVC*K 2^©itti (Xtt^JIIg) © 
[0 0 7 5] 

[0 0 7 6] 
[0 0 7 7] 

[0 0 7 8] 

«MMKh>**/*yr)fcbTtt, Al 2 Og, Si0 2 , MgO, 

A1N-, Bi 2 0 3 , M g F £ » CaF 2 , SrTiOg, AlLaOg.**© 
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z.£ifiT*&&o ^tie>«> mmxm> mmxm. y^m^m^ 

[0 0 7 9] 
[0 0 8 0] 

^-feX^UtCfeV^t), 10©^=EUt;i/ (XttTMRl?) lC*fLT. 3 H 
[0 0 8 1] 

im i ^jso^M] 

[0 0 8 2] 

tlSo MO S h^>^X#Q(£»F- h«^Ji, V — Fy- K»l 2 £&oT^£ 

0 mo s v^y*jy^*Qv>v--*WMm 1 3 ^^H^iaitv-^ 

1 5lCg^3*l<5o 

[0 0 8 3] 

MOSb7>^^Q0FK>MMl6it ^5^17, 19, 21&£>* 
®2ife§Ugl8, 2 0, 2 2 5:IftlT, TMRl^ii$tlS„ TM 
Rf^tt. 2O0TMRITMR1, TMR2j()^i^^„ TMRim 

[0084] 
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So 

[0 0 8 5] 

®4 lC^-t<ke>fC, TMRl^it 2O0TMRITMR 1, TM 
£\ ^r?UMlZl$mVW&$:%-tZ> 2O0TMRITMR 1 , TMR2©^{C, 
[0 0 8 6] 

-fib, i5 0Wc^t ie»tC, lo©£MfI$:> 2O0TMRI 

TMR 1 , TMR2TMU #i^S«Ji £#B& =fe> J: 
[0 0 8 7] 

TMR^tt, 2a©TMRl^f>«$tl, TMRi^lC 

U -fe;i/(C 5 _h<D^- # SrIBfltS it £ d £ #*C >t* -5 - 
[0 0 8 8] 

H4JC^'TJ:'53&»««iTMR|t5tS:»ffl > r*«^, TMRfTMRl, TM 
E&fr£>. TMRITMR 1 , TMR2 0TXfn^FffiItt, ^Jl^tlMfc o 
[0 0 8 9] 

MiH ®3 8lC^i:e>lC, If^y h«II©TMRlTMR 1 ©7Xfn>f K 

MR2©TXrn^FffiIii, ^7?^^ J: 3 tC&3„ o * *J , TMRjfTMR 
1, TMR2C, Z.<D£ote!&&(DftM : kmrtZ>Z.£.lZ j: *K #£&<frB£C, T 
MRITMR 1, TMR2lC^^65lC^-^$:#^3i«)§<J:e)tC-r^ 0 
[0 0 9 0] 

fiP*>, Mx.kf. «^Igi&i^2 4 C^*l£«$fs (3G* J: *J£/£3*l£ 
<E>3££ *1\ 03 8©HA©fiSt'TMRlTMRllCf-^ 
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DAT A 1 Zm^&tio ZOm. TMRiTMR 2 JCt», f-^DATAl^| 
[0 0 9 1] 

z:©t, m^mmnz Aizmti^mm. (xa:-£©««Hc«fcy 

2 1^-* DAT A 2 r©B#, TMRlTMRl© 

&^bT^fcWfctf> % TMRl'TMR 1 
lc ^_ ^ D A T A 2 #_h*£ 3 *l* r ttfc < , f-^DATAl 

[0 0 9 2] 

ZL<Z><fce>K:> TMR«TMR2tC^-t^>^-^#^ii^C^il^#a. TM 

ritmr i Ktt~t z-r- y &/jm*v^#>, 

[0 0 9 3] 

J£Lt<Z>#I&. 2O05TMRITMR1, TMR2©W, ^tl^tltf V 
O0TMR1TMR1, TM R 2 li, m $ ©l#&f»t5 £ £ L 

[0 0 9 4] 

2;fc. _h3*©*#a*»f^JR3ltt, TMRITMR1, TMR 2 #^tt<5$£# 

TMRITMR1, TMR2 07^fn>f Ktti^ 
Z.%Z.hLZmM£'?Z>^ Zl*l{CfU-T, TMR1TMR1, TMR2©7^f 
n-f Fffiifc|£«&fi?C£ U TMRITMR1, TMR2»SiMI$ 

[0 0 9 5] 

#£&#tfr#H#SC. TMRITMR1, TMR2^5llf©^§§ 
2:^^.-5 JC«, TMRITMR1, TMR2t fc?vMR2 3Xtt*Sfc 
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[0 0 9 6] 
[0 0 9 7] 

[0 0 9 8] 

[0 0 9 9] 
[0 10 0] 

f ^Mi^CTMRfTMR 1 , TM R 2 IC <5 £: Tjt Ut 
[0101] 

MxJi, TMRITMR1, TMR2©«MI?:ti:tn{l TMRlT 
MR 1 \Z^~ # Zmp&tiM&lZtt. m^I x{C£*J£j&£*l£?|£#(Z>Bif#:*; 

£fc£lCj:yS$fsI y7b^tl<5I3^^TMRMTMR 1 £.<D&.Mtf-m< 

[0 10 2] 

TMRSTMR2C5 i -#&»£& ! M'£rlC&, I y IC J: U 
MRITMR 1 (DmZteZlZX »JtiI x^tlSMtTMRlTMR 2 
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[0 10 3] 

rrT% TMRITMR1, TMR 2 \Z^- $ (Xfc?>©l«m£^ 
?LS)tcfti:il TMRiTMRl, TMR 2 tf&UirZtfj y iilx 

,<fctt;m;£&e>fcv^-t££, 0g*.tf, tmrmtmr i &c-5 i -#£^&t?l& 

TMRITMR1©MT% xfC<M;£j&£*l3^#tf>*£££« 
[0104] 

[0 10 5] 

m7L\t, ®5rr«5J:e>tC, «|ilIx^^ffiii:TMRlTMRli:ffll$i 
; TMRITMR1, TMR 2 m±<Z>£Eit, «^ I y ^tlSBB^il TM 

R1TMR2 }L<Dm.Mft. tti^etl. tT*%>Z>£-?Z>£. «Hlx»SlI 
ilTMRlTMR 1 hl<Di8iWi&> t. Sil I y«tlSI^i:TMR«TMR 1 
£CDi£i£«:, 2 t (TMRfS^©j|t£&. Mm-T^) > 06<DBB^ 

(1) «fcU. Iy = 2Xlx ^ffc&IM*, @3 8®7Xfn>fF 

>M;*t<z>&e£&^ tmrMtmr l tc^- # 



[0 10 6] 

-<Z)B£, TMRfTMR2(C^ltil MWTXfn>fFl 
€m£&£<fce>i;:1-*u;£, TMRfTMR 2 ICx— # ###i&£tl-& w £ li&V'* 

o 

[0 10 7] 

P^IC TMRMTMR2lC7=-#*»£&tfl^tCte, Ix = 2 

xiy tu S3 8®7^fn>f Fil^I®IA0fit^ft 

£<fce>lCt-*Ui<fcV> 0 *M"e^ TMRfTMR 1 , TMR2©7^fD 
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[0108] 

Rl, TMR2A^4SiMC>4TMRlTMRl, TMR2®Sm W% 
, ^TMRfTMRl, TMR 2JCffi«Stlfc , 5 i -*S:$ftStK:*ffit"S*Ss 

[0 10 9] 

H8tt, TMRKOMRtt [%] ill^R [Q] .®&£®3tfe#i£&a*b*t <^ 

So 

[0 110] 

„ AlOxW) jcjSCTgtfbi** (jSUR) c 

[0111] 

• TMRITMR1, TMR 2 <Z>MRj££-£;fl^*l 5 0%£U flfrffc© 

W^CI^IC^WSTMRITMRI, TMR 2 ©JgjfilfilCgi bttt, TM 
Rf TMR 1 ©WTMRITMR 2 ©^*l<Z> 2 L-T, =R#6$ 

[0 112] 

fcfc, rCD<fce»^^#lCOVNTtt> TMRSTMR2©h>WJ 

T<Z>J|t£ TMRITMR 1 CD h U T©IP2 «k »J t5 ^ £ JCJ: 

y, TMR«TMR2©S^ffi«&, TMRfTMR 1 ©MMi l J % 

[0 113] 

TMRITMR1, TMR 2 ©&Mffi£*fcffit * fc«XZ>tftffilSBKZ> 
gcfliim&tt, EI 9 iZB-* J: Sic, MMfc-r*£i:#"Cf**. 
[0 114] 

TMRITMR 1 , TMR2&, «-ffc©«»ICJ»CT, **l**U 2o0«I 
(UlSiiHigh) &tf<£igmffi (Low) SilSIil^SfeS), TMR 
ITMR1, TMR2©8ffii'R TMR1 , R TMR 2 «ft©«»K«Ct 
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[0 115] 





RTMR1 


RTMR2 


m&tflM High 


4 


2 


i&g#HE Low 


2 


1 



V0=(RS* V)/(RS+RTMR1 +RTMR2) 

V=1 , R$=4£tZ£ VLL=4/(4+2+1 )=0.57 

VLH=4/(4+2+2)=0.5 
VHL=4/(4+4+1)=0.44 
VHH=4/(4+4+2)=0.4 

VLL-Vlh=0.07 

VLH-VHL-0.06 

Vhl-VHH=0.04 

[0 116] 

mt>. TMRlTMRl©gitR TMR1 H "2" X\t "4" T 
MRMTMR2©&^f»R TMR2 li, "1" Xtt "2" £ fc, ^ffilg 

JaRs^^mMtt. "4" V&ZH-t&o 
[0 117] 

ZL&m. TMRITMR 1 , TMR2©^fc©^ i?-* "0" , " 1 " {C 
MJCS) IC&DT, TMRITMR 1 , T M R 2 (DH&iji^L R t M R 1 ' R TMR2 
©ifi»-&*tt, 4 3t-y, BP*>, (D R TMR1 = 2 (Low) , R TMR2 = 1 
(Low),© R TMR1 =2(Low), R TMR 2 = 2 (High),® 

R TMR1 =4 ( Hi g h ) » R TMR2 = 1 ( Low > - ® R TMR1 = 
4 (High), R TMR 2 = 2 (High), #;te>*l£o 
[0 118] 

z&Amv&m&izttm+ztiiftnmv o -en-en, vll, vlh, v 

HL, VHHttSil, ^ffib«JEEVo £ 1 V£b£h£lC&, VLL = 0. 
57V, VLH=0. 5V, VHL = 0. 4 4V, VHH=0. 4V£&£„ 
[0 119] 
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. ^m«ffiCD^Ji. VLL-VLH=70mV, VLH-VHL=60 

mV, VHL-VHH = 4 0mVt^*J, Ztlfctf <D^tf$>ftl£. "h^lC, 

[0 12 0] 

^m^JfiRoCT^mffi^ TMRITMR1, TM R 2 <Z>}g£tHBR TM 
Rl' R TMR2®^ i (41D) <Z>W (l^ft^^MM) ICT'^S^^ 

[0121] 

l$tlfc2o©TMRl^fflV\ 4#l^;i/<7)^-#©«£&#/S^mMCO 
,V>TgiU!Ufc#, g[^tSSKS*lSTMRSCD»S:3, 4, 5 - • 

[0 12 2] 

Hion ^icostisi^^^y^t^^^y oD^y -t/i/y was 

[0123] 

fflnm-%4>l, <t>3 1, <£3 2, *3 3«, Nft*;i/MOSh7>yx^Q 
Nl, QN3 1, QN32, Q N 3 3 CD;* y/^tV It, If^MBLl 

, BL2, B L 3 |Ct§|l:^t*^l:^t§„ fcf y f^B L 1 , BL2, B 
L3©-Jg (Nft^MOSh7>^3!QNlI) {C&> l%Iill2 5 
tfSMRS tl<5o ttttMmSt 2 5tt, If y h^B L 1 , B L 2 , B L 3 [Ct^t 

[0 12 4] 

Nft^;i/MOSh7>^;$lQN3 1, QN32, QN33&, If y h^B 

LI, BL2, BL3<Dm^t.m^^t(Dmzmm^ti^. 

[0125]. 

"3, ««rflt* ♦ 3 1 , *3 2, * 3 3 0^(Z)10^ "H" U<Jl MZ. 
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fc£, ^=EUt;i/MC 1 ©TMRi? (TMRITMR 1 ) ICM l/Tflf£&#&fr 
Hi, H2, H 3 !i, tt L" i/^;vi:^otv^. 

[0 12 6] 

^fe, vxitt "i" -#£&»<D£&©«^igim^*&^&u, vx2 

[0 12 7] 

"i" -m%&&mz&. mi nz^-t^^K, mwm^t 5, * 1 

1# "H" W*/WC&5. r©^> 1W«H3#* 6, * 1 2 14, "L M KH/ilfc 
ot^S, r<Z>fc#), =yA hV- KIWWL 1 ICtt, («^i&*^2 
6 ft icrfiJ^oTS^A^tlSo «£oT, tfy MSSBL 1 £:?>f ht7 — 
MWWL l©^JCSB*^^-5^ ; EUir;i/MC lOTMRif (TMRfTM 

ri) tc "i" -f-**«»ta**i6. 

[0 12 8] 

"o" -#^&#B#ic«u Si l ic^-r«fce>ic, «0fflr«#*6, Hi 
# "H" i^;i/tcfc&o 5, * 1 2tt, "L" l/'UVilfco 

T^S. r(Z>£#>. b?- FHWWL 1 ic«u ti&&j&frt>WMm 

JIWWL lCD^JCiSa^^^^^U-fe^MC 1 OTMRI? (TMRgTMR 

1) {C "o" -f-^.^*tMHS. 

[0 12 9] 

Sr^-rfcfttCfflVN^tV, «#PflT#* 3 1, 032, 0 3 3tt, lit^W^ 

micmft2>nffi><Dft% {*mt-\*. zmmis. 

HI, H2il Mrattfett??-* M7- KHfeftft-r*. 
[0 13 0] 



2 6 
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■So rrt% ^ -r h y - Kiww l i , wwl 2 iiif y hBB l i , BL2, b 
l 3 <z>3cj£icte, .^ti-^n, *=eyir/b (Aftffrictt, 2o©tmritmri 

, TMR2^ ^STMRi^-) #@Stt£ tlT V^ S 0 
[0131] 

rrt, ^^ut;!/ (TMRi?) mc i (cgBH^ti^^-^ ^^^m-rfc*?) 
mmm^ <t> 2 i , $22, mi, H2, j^t^-mcim 

n. 

[0 13 2] 

IP*>. Sl^ffiLtMWlCtt. 'J - K^ - KIRWL 1 C^Sgff f * 2 1 
3c "H" l/^;MCU U- Kt7- FiRWL 1 tCfg#£N^-**;i/MO S 
^X^$rPT>^ffii:-r-5o r(Z)Bf, ffi©U-FC-K?^RWL2tc#^^0J^# 
f*22lt "L" l^^il^ot^So 
[0133] 

£tc M»ff H 1 £ "H" l/*/l/£U m<DMfflm^4>4 2, H3& " 
OSh7>^MTMR*^) . fcf >y hiSlB L 1. Nf^*jl/MO S 

[0 13 4] 

ictiu ^^«;t;i/MC i<D^-#^cj&c£&mSffVo#3i!£-r£ 0 r<z>&ffi 

;i/ (TMRi-f) CD^-^Sr^^ffi-t^il^T^So 
[0 13 5] 

01 2», 01 0 1 lC*ff 3«£&*l&fft»£ 

[0 13 6] 

lit, ^^UtMCUt tW§nfe2o0TMRlTMRl, TM 
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R2.|:tU TMRfTMRl, TMR207^fD>f Kftill ®3 8lC^f 
[0 13 7] 

TMRITMR 1 tcMt5f-^t§^S:|llTt§ (011) . 
[0 13 8] 

tc, "l" -#£&<2*B£jc&, ®tft*5, "H" lxK;i,£U "o 

" -#^j£#B#tci±, fftHHH§-i§- 4> 6, HU "H" 5>f hy- 

[0 13 9] 

fit, ^^'JtMClOTMRl^C, ^-f hV- KI&WWL l&tflfy 
fcfc. TMRlTMRl©7Xfa>fKfti (03 8©ii) <D*MB![, M 
[0 14 0] 

ZOffigk. ^=E'J tVI/MC 1 0TMR1TMR 1 ffife&r- * 

±ti& 0 zom. mmz^ ^^utji/Mc i©tmrmtmr2ic%. m 

[0141] 

TMRMTMR2C^£^-#*^&*£||fT't£> (012) „ 
[0 14 2] 

TMRITMR2 lC*f"T S^- #*£&^t&##, TMRfTMR 1 lC*f"T£ 
^-##£&<friM^*B3t-t£,£tt, fflWm^4> 1, * 1 1© "H" l//<*#, 

tmritmr i izft^&T-*m&&&mft<nm&<Dmfflm-% * 1, hi© 

"H" U"<;KE> 1 /2{C&oT^£ j&JC&S, 
[0 14 3] 

3<d*§-£hc, l, > 3 l & "H" i/^;bi:U ^MIBLiict 

;i/£u "o M -$^ii»^ic«, mmm^4>6, hu"h- b^i/ttt 
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(DTMR^HHc. =7 4 hV- MWWL ljfcWy hiBLl JC8K*l*«?56lC J: 
y£jfc3*l*-&J*?K#&^*.*i:. £-f&i&#&> TMRlTMR207^fn^ 
KffiH (H3 8 0^») O^It'ifeot, fro, TMRlTMRl©7^fD>f 
KffiiK (B3 8<D2S«0 ©WW, SA©^Stc<2»o 
[0 14 4] 

*<DU$k. ^€'Jt;i/MC 1 0TMRlTMR2}Clt Jfftjfe©"?-****^ 

itis. r©B#, t y t;i/MC l otmritmr i ®ift;©ti 05* 

[0 14 5] 

r©<fc3lC TMRITMR1, TM R 2 3 8 IC^"T <fc t> &7X"rU A K 
fti^Wi^ TMRITMR1, TMR 2 (CjBjRfifclT 2 -- # £*£j&tf Z. 
^^t^S. is^mb^Cli, TMRITMR1, TMR2 0»tl 

("1" Xtt"0") lcMlfc4»M£fcVo^ 
^S/AICJ: *K 4mpg<Dmflfcl^ / <^V o u t {Cgg«|StlS. *fc> 4|gpgtf>« 

jEi^/<;i/Vo u t zmm 4 m&£itMt'tz>Z- £iz£ y, i/^;i/V o u t £ 

2 if y h -7 s - # ic^Sl-r s r i: -5 . 

[0 14 6] 

fcfcv U=E'Jt;i/fi©TMRi^2o0TMRlTMRl, T 

MR 2^e>#f&£*l, '©2O0TMR1TMR 1 , TMR207XfD-f Ki 

^fD-f KM$:^o2ocDTMRM$:Mvx^-&^feV>T : b, ^*l<o 2o0T 
MRS©ffiM^^^©$:^^. 2 o © T M RI IC S a#©MiCi 5: ^) W T 

[0 14 7] 
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. [0148] 

mi 3jkxfmi 4 j±, ^m^immommizmtD^m^y^^r^^:^ 

[0 14 9] 
[0 15 0] 

^MifcMMl lftlCtt, ST I ( Shallow Trench Isolation ) Wt^^'t^ 

(DMm. («lx.tl LOCOSil) ^feoT&J^,, 
[0151] 

(gMfilfO 1 5JC««5S*l«. 
[0 15 2] 

MOSh7>^X^0Fl/'f>ffitI16tt, ^9^17, 19, 21&OT2 
HI1 8, 2 0, 2 2?:Iftlt, il^TMRi? 3 1 (Cii$tlS = 
[0 15 3] 

[0 15 4] 

TMRi?3Ui, MxJ*. H4, H5JC^-TJ:^«i«l3iS:^bTV^«. TMR 
m-?3 i a\ U^M (n-#;W h@B^) 2 2 ilfcfy b^2 3©W 
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. [0155] 

) ic®tfxv^ 0 TMRi?3 lien tfy hffi2 3 izmn^UJkz^n^mWi 

[0 15 6] 
[0 15 7] 

£i\ 01 5&tf01 6lC^-r<fce>C PEP ( Photo Engraving Process 
) CVD ( Chemical Vapour Deposition ) , CMP ( Chemical Mechanical 
Polishing) fcH©M*tl<Z>#?££fflV^ ¥##««1 1 ftK> STIfl© 

[0 15 8] 

~$Z> 0 Z.(D&, CVD^i:J:U> MOS 1^7>^^l:^cSe)l61l3 2$: 
l&f&^Zo PEPWRI E (Reactive Ion Etching ) £MV>T. WMM 3 2 

p*j{c, mos ^>$?x*©y--xjfc«itfSi 3WKW>ttH 6 teat* 

[0159] 
[0 16 0] 

m 1 7&tfHl 8 (COT <fce>C, CVD^$:iV>t, $6^M32±IC, 

nii3 3 wts. PEPitfRiE&s^t, mnmssmz, mmmz 
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, [0161] 
[0 16 2] 

tS»T, CVD^SrfflVNT, «S»»3 3 JilC, «5il3 4^tS. PEP 
&IFR I E £MV>T> »i!3 4 pfcjlC, 7^-fT^-;V (via hole) ?:MtSo 

[0 16 3] 

7£lC, 01 9 S-IFHI 2 0 JC^-f" J; o IC. CVDS5:MV^, Jft»M3 4_hlC, 
iif3 5Mt5„ PE P&tfR I E SrE^T, Sfc^Jf 3 5 ftlC. Bfi^SIS: 

T/l/$-*i>, mte£(0&mm CMPCJ:»J* 

muzmmv. mmz o, 2 4^ts. 

[0 16 4] 
[0 16 5] 

«t*T, CVD^i^t, $fi^M3 5_tlC, »»«3 6S^t*. PEP 
^t^RIESrMVNT, $6i^«3 6WiC, T 7«1-£o X/\ 0 y#&K: 

i*,. «fc ft^rt-T*. CMPlCj:y*«#«:W*U ^ 

[0 16 6] 

g&gjgs 6<Dm& (xii^^^2 i (n^mmm) 

bVN 0 iot, ii!3 6©g$it T*§S«Wi<tS. 
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, [0167] 

IkiZ. 0 2 lRZtmZ 2 iZB-t <fce»tC CVD&£^T, *fi8U*3 6 JtKl, 
tt»»3 7&igjStS. PEP&tfRI E£MV^, 3 7 ft&C. BB*g?*& 

7;i/$-^A, «Hfc ft^-r*. 3© ft, CMPJCfcy* 

[0 16 8] 

ft, 3*l?)SII^f-->^U «HI»TMR3lHF-3 1 
[0169] 

r&lC, 02 6 KB-t <fce>tc, CVD&£JgV>T, TMRjRdF-3 1 £ 

3ge>iii&iiSUS£0J&bfc^ CMP?£(C<J: >JTMRi?3 1 _fcCD$BISUI £ 

iMl, fro, U- Kt7- K»l 2lctt3ciT£i^:y h^g '(mSfHESMft) 2 3^ 

[0 17 0] 

5. 

[0171] 
[12^0^1] 

02 7 ^^©^2mg©^ffilc0Ht)-&^^>^AT^-feX^ ; EU £5^ 
f¥@0 v e$>-5o 02 8S, 0270XXVIII-XXVII I^IC^^^t® 

0-e&&„ 

[0 17 2] 

TlCTMRf^£@BgLTV>6,&, m^lC A# f^ItC |^^^~ & 2 otf>* *E U 
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^^ffclSiSl lf*J&CH ST I ( Shallow Trench Isolation ) & 
i^HM3 OtfUMStlSo iH^itJi 3 0 fi, |gifc(Z)il^^£«^imc# 

dill LOCOSM) t$>ott)<t^. 
[0 17 4] 

ot^„ loO^I^rtlC 2o©MOSh7>^^^Btt^ 

*\,£„ -tie>2o©MO S h^>^^^«> 10<Z>y-Xjfetfc«l 3 

[0175] 

MOS Y^yV^ZOV-^mkMl ^7^14MfttTV- 
[0 17 6] 

y-Xj£iJ(JS 1 3 ?:MtS2o0MO S h5>^^©e>^©-^tilt 
It -f©KW>ttll6lt ^7^*17, 19, 2 1 1 8 , 2 0 
, 22Al:SfibT, TMRH^3 lAlCii^tlS. 
[0177] 

y 7 yi7lt Mill ^ilJ&^fc'iWJ^'Jn^I^, 
3^&iJ*3*i; 2 1fttfS»I1 8, 2 0, 2 2Att, y 

m*H0)^M^e>fil^Stl-S„ TMRH?3 1 AH Mi 

& m n <d t m r -e % * v * . 

[0 17 8] 
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tmr*?3iah:, mmm (D-*H^-3*nwi) 2 2At*a 

[0179] 

2 4 a izmnzmmz <k y n&mmz 

[0180] 

tt, *(Z>FW >&«CM1 6tt, ^5^1 7, 19, 2 1, 2 1 , ft0PB9i*l 
8, 2 0, 2 2B, 2 2C&ifeffiUT, TM RiR^ 3 1 B tegSttS tlS. 
[0181] 

^^17^ Mxil ^M^^H 

7*7^19, 2i, 21' zLTfimmmis, 20, 22B, 22 
^•3 IBs, miJkTfms^-t&vteMmfrTMRm^T'&z^i,. 

[0 18 2] 

if>y M12 3 0)±mtomizmw:^nx^^o 

[0 18 3] 

T MRi?3 iB©«:±{cii, mmmwin2.4Bi)mm*tiz>o mmmmm2 

(atf^ft) ICiEtfTVx*. TMRi?3 lBlClt &Mtf y bffi 2 3 iC^tl-S 

mffix.vnmm®m 2 4 b ic«&n * y *x*«#k: ^ y -r- # 

[0 18 4] 

TMR|?3 1A, 3 1Btt, ¥#<frS« 1 l©±*>e>B 
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[0 18 5] 

$ tm Ri^ttficzni: >mmm 1 e fc^gB^w >^ ^tcm l 

Ttt. Mill ^^©SlIIJfiro^JBKilSfcS^A^^It^fcra-CDfllJtSr-e© 
[0 18 6] 

Ulif-y h^2 3©_h®{raic@iJg$tiSTMR^^lcM^{citit Kl^ 
>f>MIl 6$:ig»W^^lCiltli, Ratify MS23t^5^2 
l' tfmMhte\<\£oiz, (a-#;w >#-=3*^ hBftMO 2 2B, 2 2 

^21' ©ftSfc-f^U ratify h^2 3 

[0 18 7] 

tit. 2o©^ ; E'Jt;i/T'lo©V-^ (5M&IR) l 5 5:MUtv^. i 
[0 18 8] 

«^l&li2 4A, 2 4BH TMRif 3 1 A, 3 lBlCt^S^W 
2rv*ftttfcBgtt^<5£fc#M*Uv\, *fc> iilIii2 4A, 2 4 

Bti, TMR^-f-3 1 A, 3 1 B ©ttTXtett-LfClBtt;* *VT V>£#. #f*-H 
t%Ii^2 4A, 2 4B©fiIi:TMRi^3 1A I 3 1 B ftffitttf^-f tl 

[0 18 9] 
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02 7<Z>5pffi®&C£VxTk^ BJI»2 2B, 2 2 00/^-^^7^2 
1, 2 1' <D&mZftfr f=.&> \Zv hM2 3 CD-3P£#B&bTV^ 0 

|^aiC^V>T, 2 2 6, 2 2Ctt, Ayf>^U ^7^21, 21' 

[0 19 0] 

2 3<Z>_bTlCBBg$4xfe2o©TMR^3 1 A, 3 1 B KM? Z^&frZft 

&^§3tSA\ Xtt, ■?-©TMR3R^©?Kl^c^1-6lSS€:W<'r*i«J:v^ 
[0 19 1] 

^0<D^2||J6CD^{cB5to<2»^v>^Ar^-fe^^ ; EUJcfev%T%> 1 o 

MRCDJlTJCTMRfi^ (lMTMR#5tXtt«titM©i^®»TMR#5t<DV%"r 
*i*efcj:v*) &SitBLfc»;, :£VMC»grr-6 2 -3©*^ y -fe;i/T-V-X^£ftW 

[0 19 2] 

■r¥®0T^S„ @3 0lt 02 9©XXX-XXX»C|&^»iSat^§. 
[0 19 3] 

^/W:*^©2o©#^£-£t?fc&tc, se>ic l^^^P^lC 

tt, 2o) CD^jfitf V V b&!2 3 A, 2 3B&BHKU lO0MOSh7>^'X^ 
£^tfc<£>&jtfcf >y M|2 3 A, 2 3B0KIC. ^|!C©TMR^5:SfiUfe^tC 

[0 19 4] 

ftSBB«R«K:^sn, «1IB©«jS^ 2 3 A ii^©Jb<7)^2 
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o fit, iSlIBCDftltrf hi2 3 Ail*C!>±©i2*g©ftl^V MI2 3 
[0 19 5] 

ljtj^2*Pi<D&m<DV:v hM2 3 A, 2 3BH SVMCjIfc 

[0 19 6] 

1 ftlClj:, ST I ( Shallow Trench Isolation ) ^)t5:^"t"€> 

<D*3i (#92.«. LOCOSfl) t^ott)iv^ 
[0 19 7] 

drtfjgjfcsti*. MOSh7>^^©^-MiH U-KC-Kii2i:«c 
oTV>£ 0 *«*ett, lo©M«fiiC 2O0MOS h^>*?*##BBg3 

rtif)2o©MOS>7>^^it .io©y-xlil;tIi3S:* 

[0 19 8] 
[0 19 9] 

it. zoFujymmmi ^^n, i9, 2 1 msbum 1 8 , 20 

, 22A$:lftlt, TMRi?3 1 AlCg^StU fro. ^7^*17, 19, 
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2 1, 21' , 3 8&tfUi&§Ui 1 8, 2 0, 22A, 22C , 22D£j&E&U 

t, tmri^3 i cizmmznz> 0 

[0 2 0 0] 

*»&*Jft3*U ^7^19, 2 1, 2 1' , 3 8W1IS1 8, 2 0, 2 2A 

, 22C , 2 2D», r;H_^A, m*^©^Mm^e>«l^stis 

. £fc> TMRi-f 3 1 A, 3 1CH M^-H 13 4 &££III 5 iCztfi" J; o teffitf^ 
iiiiTMRiK'ti.t^U 03 4 lC^i-<fc^^jlS©TMR^^T%J:VN 0 
[0 2 0 1] 

TMRif 3 lA(i, BQ$£J§ (n-rt/M' i/9—n*9 hMM) 2 2A£fj§i 

mU<Dim.^ V hU2 3 A©Tlifi:0|!!llCfitS^ TMRlf3 1Clt 
M (n-#;W h@B^) 2 2Di:H2fS0M^7 M23B0 

T ® £ tf> ic SiJS £ *i T ^ 3 o 
[0 2 0 2] 

TMRt-f3 lA©ilT(Clt l^Iii 2 4 A#@BS£ £jftj£gMg 2 
4 Ate, &m.\±V M23 A, 2 3 B^Mt^S^lBl (^7^A^|oI) JC^fbTSlt 

3 Atc^ti<5«^tK«^igi&^2 4 Aizmnzmmizj: v%.mztiz>mmz£ 

[0 2 0 3] 

4B&. *Ilf7hl2 3A ( 2 3B^M^S^tnJ C^A^Inl) {C^btSlt 
£fc£:£l«J (n?#l*J) lC@t?TVA§ 0 TMRi?3 1Cl:Jl PkMi?*/VM2 

[0 2 04] 

v-*j£i!cJti 3 &Mt5 2o®MOS h^>^x#<z>e> *> office mux 

^CDKKVMH 6(i, ^7^17, 19, 21, 21' 2fctfBBi»U§ 1 
8, 2 0, 2 2 B, 2 2C&iaUT, TMR^f 3 1 B JCg^3 *U zf??l 
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7,, 19, 2 1, 2 1' , 38, 3 9M1^I1 8, 20, 22B, 22 C, 
2 2E, 2 2E' ^ifitT, TMRI? 3 1 Di:ii$tl5„ 
[0 2 0,5] 

^7^19, 2 1, 2 1' , 3 8, 3 9 3fctfIB*§Uffl 8, 2 0, 
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